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(54) PRINTING APPARATUS AND APPARATUS AND METHOD FOR GENERATING DRIVING 
WAVEFORM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a driving waveform from 
suddenly changing due to cumulative errors by digital/analog 
converting specific upper bits among the cumulative result of a 
plurality of accumulated bits and outputting as an analog signal. 
SOLUTION: Driving waveform data fed from a control part 45 is 
stored in a memory 60. Driving waveform data read out by a first 
latch 62 from the memory 60 is temporarily held. Outputs of a 
first latch 62 and a second latch 66 are added by an adder 66, and 
the output of the second latch 66 is converted to an analog signal 
by a digital/analog converter 70. The converted analog signal is 
amplified by a voltage-amplifying part 72 to a voltage whereby a 
piezoelectric element drives. A current corresponding to the 
amplified voltage signal is supplied by a current-amplifying part 74. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The print head which has two or more driver elements for being the airline printer which 
records an image on a record medium, driving two or more nozzle and said two or more nozzles based 
on the printing signal of the image which should be printed, and making an ink droplet breathe out, It has 
the drive wave generation circuit which generates the drive wave transmitted to said two or more driver 
elements. Said drive wave generation circuit The memory for memorizing two or more drive data points 
for generating said drive wave, The accumulation section which carries out sequential accumulation of 
said drive data point read one [ at a time ] from said memory one by one to predetermined read-out 
timing, respectively to predetermined accumulation timing, When [ in said accumulation section / said ] 
the accumulation result of a bit tends to exceed two or more one boundary value of the predetermined 
range An airline printer equipped with the digital to analog converter which carries out the digital to 
analog of the specific high order bit among the accumulation result correction circuit which sets said 
accumulation result as the predetermined set point near said boundary value, and the two or more bits 
accumulation result obtained in said accumulation section, and is outputted as an analog signal. 
[Claim 2] It is an airline printer according to claim 1. Said accumulation section It is read from said 
memory with the 1st latch circuit for holding said accumulation result, and by adding said drive data 
point and said accumulation result held by said 1st latch circuit It has the adder which updates said 
accumulation result. Said drive data point It is the airline printer which is expressed by the two's 
complement display and equipped with the judgment section which judges whether said accumulation 
result to which said accumulation result correction circuit is outputted from said adder based on the 
carry signal of said adder and the most significant bit of said drive data point exceeds said boundary 
value. 

[Claim 3] It is the airline printer which it is an airline printer according to claim 2, said accumulation 
result correction circuit was further inserted between said adder and said 1st latch circuit, and is 
equipped with the 2nd latch circuit holding the output of said adder, and sets the output of said 2nd 
latch circuit as said predetermined set point near said boundary value when said accumulation result to 
which said judgment section is outputted from said adder exceeds said boundary value. 
[Claim 4] It is the airline printer which sets the output of said 2nd latch circuit as said lower limit when 
it is an airline printer according to claim 3 and said accumulation result which said judgment section sets 
the output of said 2nd latch circuit as said upper limit when said accumulation result outputted from 
said adder exceeds the upper limit of the output of said adder, and is outputted from said adder exceeds 
the lower limit of the output of said adder. 

[Claim 5] The memory for memorizing two or more drive data points for being drive wave generation 
equipment which generates the drive wave for making a driver element drive, and generating said drive 
wave, The accumulation section which carries out sequential accumulation of said drive data point read 
one [ at a time ] from said memory one by one to predetermined timing, respectively to predetermined 
accumulation timing, When [ in said accumulation section / said ] the accumulation result of a bit tends 
to exceed two or more one boundary value of the predetermined range The accumulation result 
correction circuit which sets said accumulation result as the predetermined set point near said boundary 



value, Drive wave generation equipment equipped with the digital to analog converter which carries but 
the digital to analog of the specific high order bit among the two or more bits accumulation results 
obtained in said accumulation section, and is outputted as an analog signal. 

[Claim 6] It is drive wave generation equipment according to claim 5. Said accumulation section It is 
read from said memory with the 1st latch circuit for holding said accumulation result, and by adding said 
drive data point and said accumulation result held by said 1st latch circuit It has the adder which 
updates said accumulation result. Said drive data point It is drive wave generation equipment which is 
expressed by the two's complement display and equipped with the judgment section which judges 
whether said accumulation result to which said accumulation result correction circuit is outputted from 
said adder based on the carry signal of said adder and the most significant bit of said drive data point 
exceeds said boundary value. 

[Claim 7] It is drive wave generation equipment according to claim 6. Said accumulation result correction 
circuit It was inserted between said adder and said 1st latch circuit, and has the 2nd latch circuit 
holding the output of said adder. Furthermore, said judgment section Drive wave generation equipment 
which sets the output of said 2nd latch circuit as said predetermined set point near said boundary value 
when said accumulation result outputted from said adder exceeds said boundary value. 
[Claim 8] It is drive wave generation equipment which sets the output of said 2nd latch circuit as said 
lower limit when it is drive wave generation equipment according to claim 7 and said accumulation result 
which said judgment section sets the output of said 2nd latch circuit as said upper limit when said 
accumulation result outputted from said adder exceeds the upper limit of the output of said adder, and 
is outputted from said adder exceeds the lower limit of the output of said adder. 

[Claim 9] The process which is a drive wave generation method for making a driver element drive, and 
makes sequential selection of two or more one drive data points of every for generating the (a) 
aforementioned drive wave to predetermined timing, respectively, (b) — the process which carries out 
sequential accumulation of said selected drive data point to predetermined accumulation timing, and (c), 
when [ said ] the accumulation result of a bit tends to exceed two or more one boundary value of the 
predetermined range the process which sets said accumulation result as the predetermined set point 
near said boundary value, and (d) — a drive wave generation method equipped with said process which 
carries out the digital to analog of two or more specific high order bits among the accumulation results 
of a bit. 

[Claim 10] It is the drive wave generation method with which it is a drive wave generation method 
according to claim 9, and said process (c) includes the process which judges whether said accumulation 
result exceeds said boundary value based on the carry signal of said accumulation result, and the most 
significant bit of said drive data point. 

[Claim 11] It is a drive wave generation method including the process which sets said accumulation 
result as said lower limit when it is a drive wave generation method according to claim 10, said process 
(c) sets said accumulation result as said upper limit when said accumulation result exceeds the upper 
limit of said predetermined range, and said accumulation result exceeds the lower limit of said 
predetermined range. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique which generates the drive wave for 

operating a driver element. 

[0002] 

[Description of the Prior Art] In recent years, as an output unit of a computer, the color printer of the 
type which carries out the regurgitation of the ink of **** from an ink head spreads, and it is widely 
used for printing the image which the computer etc. processed with multicolor many gradation. And in 
order to realize printing of many gradation, controlling the weight of the ink droplet breathed out from 
the nozzle of a recording head, and controlling the magnitude of the ink dot formed on print media is 
performed. 

[0003] It was common to have expressed the halftone of a printing image in an ink jet printer 
conventionally by in how many pixels in fixed area an ink dot is formed by performing binary-ization of 
whether to form an ink dot. However, it is possible to express the halftone of a printing image with many 
gradation more by forming recently the ink dot of the magnitude from which plurality differs in 1 pixel 
using the ink of a shade. 

[0004] For example, in order to form the ink dot from which magnitude differs in the ink jet printer using 
a piezo-electric element, the control of a meniscus (the shape of surface type of the ink in nozzle 
opening) and the control of the timing of the regurgitation of an ink droplet in nozzle opening of a 
recording head are important. Therefore, in order to form a desired ink dot, changing the drive wave 
which operates the piezo-electric element of a recording head according to the magnitude of the ink dot 
to form is performed. 

[0005] The drive wave which operates a piezo-electric element has been controlled by the approach of 
memorizing all the absolute values of the driver voltage in the time amount of arbitration in memory 
beforehand, and the approach of switching the resistance from which resistance differs using a piezo- 
electric element forming a capacitor between piezo-electric elements. However, in the case of the 
former, in order to memorize the drive wave, many memory is needed, and in the case of the latter, it 
has the problem which needs the pulse signal of complicated timing. 

[0006] In order to solve these troubles, the variation of the electrical potential difference in the time 
amount of the arbitration of a drive wave is decided, and the method of acquiring a drive wave 
programmably etc. is proposed by carrying out sequential addition of the value with the adder. 
[0007] Drawing 1 2 is the block diagram showing the internal configuration of the conventional drive wave 
generation circuit 100 for generating a drive wave. Drawing 13 is the explanatory view showing the 
process which generates the drive wave in the drive wave generation circuit 100 shown in drawing 12 . 
The drive wave generation circuit 100 shown in drawing 12 is equipped with memory 102, the 
accumulation section 104, and a digital to analog converter 104. The drive data point which shows the 
wave of a driving signal COM is stored in memory 102. As shown in drawing 13 (a), in the accumulation 
section 104, sequential accumulation of the drive data points delta VI, delta V2, and delta V3 read from 
memory 102 is carried out synchronizing with the clock signal CLK. Here, a drive data point is data 



showing the variation of the driver voltage of per the 1 period t of a clock signal CLK. A driving signal 
COM is generated by carrying out the digital to analog of the 10 bits of the high orders by the digital to 
analog converter 106 among this 18-bit accumulation result. 
[0008] 

[Problem(s) to be Solved by the Invention] In the approach of drawing 13 , if the drive data points delta 
V1 f delta V2, and delta V3 and the value which accumulated — become zero over the 1 -pixel section, 
the level of the start edge and termination of a drive wave is completely in agreement However, the 
accumulation value of the drive data point over the 1 -pixel section does not become zero in fact in 
many cases. This reason is that an operation error arises in case a drive data point is set up. For 
example, the 1st drive data point deltaVI is determined by doing the division of the design value delta 1 
of the electrical-potential-difference change in 8t of the accumulation period by the number of the 
accumulation periods in 8t of the period (namely, 8). When this division cannot be accepted, the drive 
data point deltaVI will include a rounding error. This rounding error caused the error of the accumulation 
value in the termination of the 1 -pixel section. It is possible for such an error to decrease, if the number 
of bits of the lower bit which is not set as the object of a digital to analog is made to increase, and to 
set an error to 0 about a high order bit However, it is difficult to make a accumulation error into zero 
about a lower bit 

[0009] With conventional drive wave generation equipment, the wave with which sequential are recording 
was carried out for every 1 -pixel section and such an error shifted [ wave ] from the desired drive wave 
to the 2nd latch 108 may be generated. That is, when it is, for example, going to acquire the drive wave 
shown in drawing 1 4 (a), as shown in drawing 14 (b), an error e1 will be accumulated for every period, the 
start edge potential of a drive wave will shift, and it will shift from a desired drive wave. When an error 
e1 is further accumulated from the condition of drawing 14 (b), an adder 106 may cause overflow and an 
underflow and a drive wave may change a lot suddenly. 

[0010] Drawing 1 5 is the explanatory view showing a normal drive wave and a drive wave when an adder 
106 causes overflow and an underflow. Since an adder output will jump to the value near a lower limit LL 
if an addition result exceeds the upper limit UL of the output of an adder 106 as shown in drawing 15 (b), 
a drive wave changes sharply. Moreover, since an adder output will jump to the value near a upper limit 
UL if an addition result exceeds the lower limit LL of the output of an adder 106 as shown in drawing 15 
(c), a drive wave changes sharply also at this time. Thus, when the cumulative error was accumulated, 
the drive wave may have changed a lot suddenly and the overcurrent may have flowed in the circuit 
[0011] In case this invention is made for the purpose of solving the above-mentioned problem and 
accumulates a drive data point in the generation process of a drive wave, it aims at preventing that a 
drive wave changes rapidly according to a accumulation error. 
[0012] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a part 
of above-mentioned technical problem [ at least ], this invention carries out sequential accumulation of 
two or more drive data points for generating a drive wave, carries out the digital to analog of the specific 
high order bit among the accumulated two or more bits accumulation results, and outputs it as an analog 
signal. In case a drive data point is accumulated, when a two or more bits accumulation result tends to 
exceed one boundary value of the predetermined range, a accumulation result is set as the 
predetermined value near the boundary value. Since it can prevent that a accumulation result jumps to 
the boundary value of the opposite side by carrying out like this, a drive wave becomes possible 
[ preventing changing rapidly ]. 

[0013] In addition, in case a drive data point is accumulated, you may make it judge whether a 
accumulation result exceeds boundary value based on the carry signal of a accumulation result, and the 
most significant bit of a drive data point. By carrying out like this, it can judge easily whether a 
accumulation result exceeds boundary value. 

[0014] Moreover, when a accumulation result exceeds the upper limit of the predetermined range, a 
accumulation result is set as the upper limit, and when exceeding the lower limit of the predetermined 



range, a accumulation result may be set as the lower limit 

[0015] In addition, this invention can be realized with various gestalten, such as an airline printer, drive 

wave generation equipment, and a drive wave generation method. 

[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in order 
of the following based on an example. 

A. airline printer whole configuration: — the configuration of B. drive wave generation equipment, and : 
of operation — C. 2nd example: — D. 3rd example: — E. modification: [0017] A. The whole airline printer 
configuration : drawing 1 is the block diagram showing the whole airline printer configuration of this 
invention. The airline printer is equipped with a computer 90, the control circuit 40, the paper feed motor 
23, the carriage motor 24 that performs horizontal scanning, and the recording head 50 as shown in 
drawing 1 . 

[0018] By computer 90, the application program is operating under a predetermined operating system. 
The video driver and the printer driver are included in the operating system, an image is displayed on a 
display or various image processings are performed. 

[0019] The control circuit 40 is equipped with the interface 41 which receives the printing signal from a 
computer 90 etc., RAM42 which performs various data storages, ROM43 which memorized the routine 
for various data processing etc., the oscillator circuit 44, the control section 45 which consists of a CPU 
etc., the drive wave generation circuit 46, and the interface 47 for sending a printing signal and a driving 
signal to the paper feed motor 23, the carriage motor 24, or a recording head 50. 
[0020] RAM42 is used as receive buffer 42A, middle buffer 42B, or output-buffer 42C. The printing 
signal from a computer 90 is stored in receive buffer 42A through an interface 41. This data is 
cconverted with a pseudo code and stored in middle buffer 42B. And required processing is performed 
by the control section 45 with reference to font data, a graphic function, etc. in ROM43, dot pattern 
data are developed, and output-buffer 42C memorizes. Dot pattern data are sent to a recording head 50 
through an interface 47. 

[0021] Drawing 2 is the block diagram showing the electric configuration of a recording head 50. The 
recording head 50 is equipped with two or more shift registers 51 A-51N corresponding to the number of 
nozzles, two or more latch circuits 52A-52N, two or more level shifters 53A-53N, two or more switching 
circuits 54A-54N, and two or more piezo-electric elements 55A-55N. The printing signal SI is inputted 
into shift registers 51A-51N synchronizing with the clock signal CLK from an oscillator circuit 44. And 
synchronizing with the latch signal Local Area Transport, it is latched to latch circuits 52A-52N. The 
latched printing signal SI is amplified to the electrical potential difference which can drive switching 
circuits 54A-54N by level shifters 53A-53N, and is supplied to switching circuits 54A-54N. The driving 
signal COM from the drive wave generation circuit 46 is inputted into a switching circuits [ 54A-54N ] 
input side, and piezo-electric elements 55A-55N are connected to the output side. 
[0022] Piezo-electric elements 55A-55N are supplied, and are operated, in the case of "0", a driving 
signal COM is intercepted, and switching circuits 54A-54N are not operated, when for example, the 
printing signal SI is "1." A piezo-electric element is a component to which the crystal structure 
performs conversion of distortion and electric-mechanical energy at a high speed extremely by 
impression of an electrical potential difference as everyone knows. Although not illustrated, if a driving 
signal COM is supplied to piezo-electric elements 55A-55N, according to it, piezo-electric elements 
55A-55N will deform, and will also transform the wall of an ink room. This controls the regurgitation of 
the ink droplet from a nozzle. Printing is performed when the breathed-out ink droplet adheres to print 
media. 

[0023] B. the configuration of drive wave generation equipment, and : of operation — internal 
configuration [ of B-1. drive wave generation equipment ]: — drawing 3 is the block diagram showing the 
internal configuration of the drive wave generation circuit 46. The drive wave generation circuit 46 has 
the adder 64 adding the memory 60 which memorizes the drive data point given from a control section 
45, the 1st latch 62 who holds temporarily the drive data point read from memory 60, and the 1st latch's 



62 output and the 2nd latch's 66 output mentioned later, the reversal prevention circuit 65, the 2nd 
latch 66, and the digital to analog converter 70 changed to an analog signal in the 2nd latch's 66 output. 
Moreover, it also has the voltage amplification section 72 which amplifies the changed analog signal to 
the electrical potential difference on which a piezo-electric element operates, and the current 
amplification section 74 for performing the current supply source corresponding to the amplified voltage 
signal. An adder 64 and the 2nd latch 66 constitute the accumulation section 68 which accumulates a 
drive data point. Various signals are supplied to the drive wave generation circuit 46 from a control 
section 45. That is, the 1st clock signal CLK1, the data signal showing a drive data point, an address 
signal AO - A3, and an enable signal are supplied to memory 60. Moreover, the 2nd clock signal CLK2 
and reset-signal RESET are supplied to the 1st latch 62. The 3rd clock signal CLK3 is supplied to the 
reversal prevention circuit 65. The 3rd clock signal CLK3 and reset-signal RESET are supplied to the 
2nd latch 66. Reset-signal RESET supplied to the 1st and the 2nd latch 62 and 66 is the same. 
Moreover, the same is said of the 3rd clock signal CLK3 supplied to the reversal prevention circuit 65 
and the 2nd latch 66. In addition, this drive wave generation circuit 46 functions with the control section 
45 shown in drawing 1 , and RAM42 and ROM43 as drive wave generation equipment. Moreover, the 
reversal prevention circuit 65 functions as a accumulation result correction circuit. 
[0024] B-2. The generation method of a drive wave : drawing 4 is a timing chart which shows the timing 
which writes in a drive data point in memory 60. In advance of generation of the drive wave COM, the 
data signal which shows a drive data point, and the address of the data signal are supplied to memory 60 
from a control section 45 synchronizing with the 1st clock signal CLK1. Although a data signal is 1 bit, 
as shown in drawing 4 , 1 bit of drive data points is transmitted at a time by the serial transmission 
which makes the 1st clock signal CLK1 a synchronizing signal. That is, in transmitting a drive data point 
to memory 60 from a control section 45, synchronizing with the 1st clock signal CLK1, it supplies a data 
signal by two or more bits first. Then, the address signal AO showing the write-in address for storing this 
data - A3, and an enable signal are supplied. To the timing to which this enable signal was supplied, 
memory 60 reads an address signal and writes the received drive data point in that address. Since an 
address signal AO - A3 are 4 bits, a maximum of 16 kinds of drive data points are memorizable in 
memory 60. 

[0025] Drawing 5 is the explanatory view showing the process which generates the drive wave in the 
drive wave generation circuit 46. If the read-out address B is outputted as an address signal AO - A3 
after the writing of the drive data point into memory 60 is completed, the first drive data point deltaVI 
will be outputted from memory 60. Then, generating of the pulse of the 2nd clock signal CLK2 holds this 
drive data point deltaVI at the 1st latch 62. It is in this condition, and if the pulse of the 3rd clock signal 
CLK3 next occurs, the 2nd latch's 66 output of 18 bits and the 1st latch's 62 output of 16 bits will be 
added by the adder 64, and that addition result will be held at the 2nd latch 66. That is, whenever it will 
once receive the 3rd clock signal CLK3 after that if the drive data point corresponding to an address 
signal is chosen as shown in drawing 5 , the value of the drive data point accumulates for the 2nd latch's 
66 output. Under the present circumstances, the reversal prevention circuit 65 judges whether the 
output of an adder 64 exceeds that upper limit "111 — 111" (18 bits). And the reversal prevention circuit 
65 outputs the value according to the judgment 

[0026] In the example shown in drawing 5 , the drive data point which shows that only deltaVI raises the 
electrical potential difference of per the 1 period t of the 3rd clock signal CLK3 is stored in Address B. 
Therefore, when Address B becomes effective with the 2nd clock signal CLK2, the electrical potential 
difference will rise every [ 1 / deltaV]. Moreover, deltaV2=0, i.e., the value which shows that an 
electrical potential difference is held, is stored in Address A as a drive data point. Therefore, if Address 
A becomes effective with the 2nd clock signal CLK2, the wave of a driving signal will be maintained at 
the flat condition that there are no increase and decrease. Moreover, the drive data point which shows 
that only delta V3 reduces the electrical potential difference of per the 1 period t of the 3rd clock signal 
CLK3 is stored in Address C. Therefore, after Address C becomes effective with the 2nd clock signal 
CLK2, the electrical potential difference will fall every [ 3 / deltaV]. In addition, an increment or 



reduction is determined by the sign of the data stored in each address. 

[0027] In this way, the voltage-level data DO of 10 bits of high orders are inputted into a digital to analog 
converter 70 among the 18-bit addition results added by the adder 64. Moreover, the 18-bit whole 
addition result is reinputted by the adder 64. Consequently, the voltage-level data DO outputted by the 
2nd latch 66 change gradually, as shown in drawing 5 (a). This voltage-level data DO is changed by the 
digital to analog converter 70, and the drive wave shown in drawing 5 (b) is formed. 
[0028] In addition, the negative number is expressed for the drive data point read from memory 60 by 
the two's complement display. Moreover, although the drive data point inputted into an adder 64 is 16 
bits, when added, the value of the most significant bit (the 16th bit) is used for the 18th bit as it is with 
the 1 7th bit About addition actuation of such an adder 64, it mentions later. 

[0029] B-3. The internal configuration of a reversal prevention circuit, and actuation : drawing 6 is the 
block diagram showing the internal configuration of the reversal prevention circuit 65. The reversal 
prevention circuit 65 is equipped with 18 AND gates AGS0-AGS17, 18 AND gates AGR0-AGR17, and 18 
D flip-flops DFF0-DFF17. 1st AND gate AGS0-AGS17 takes an AND with the carry C outputted from 
an adder 64, and inputs the output into the set terminal S of D flip-flops DFF0-DFF1 7 as the reversal 
signal of most significant bit MSB of the 16-bit drive data point given by the 1st latch 62= 2nd AND gate 
AGR0-AGR17 takes the AND of most significant bit MSB of the 16-bit drive data point given by the 1st 
latch 62, and the reversal signal of the carry C outputted from an adder 64, and inputs the output into 
the reset terminal R of D flip-flops DFF0-DFF17. D flip-flops DFF0-DFF17 update outputs Q0-Q17 
synchronizing with the negative going edge of a clock signal CLK3. That is, for the set terminal S and 
the reset terminal R, all are OUT0OUT1 it is [ OUT ] as a result of [ of an adder 64 ] accumulation at 
the time of "0"... It is OUT17 Output Q0Q1 of D flip-flops DFF0-DFF17 ... It outputs as it is as Q17. 
Moreover, by "0", the set terminal S resets altogether the outputs Q0-Q17 of D flip-flops DFF0-DFF17 
to "0", when the reset terminal R is "1." Furthermore, by "1", the set terminal S sets altogether the 
outputs Q0-Q17 of D flipHlops DFF0-DFF17 to "1", when the reset terminal R is "0." 
[0030] In addition, although the AND gate of a pair is prepared to D flip-flops DFF0-DFF17 each, 
respectively, you may make it instead share the AND gate of a pair between 18 whole D flip-flops 
DFF0-DFF17 in the example of drawing 6 . 

[0031] Drawing 7 is an explanatory view explaining the addition processing performed in an adder 64, and 
the correction approach of an addition result. Here, since it is easy, an addition result is 8 bits and the 
drive data point given by the 1st latch 62 is explained as what is 6 bits. In addition, the actual drive data 
point is expressed by the 16-bit two's complement display, and in case it is added in an adder 64, the 
value of the most significant bit MSB (the 16th bit) is used for the 18th bit as it is with the 17th bit. So, 
in the following explanation, the value (value enclosed with O in drawing) of most significant bit MSB (the 
6th bit) of a 6-bit drive data point is used for the 8th bit as it is with the 7th bit, and addition is 
performed. 

[0032] Drawing 7 (a) is the case where a drive data point "010110" ("22" of a decimal number) is added 
to a accumulation result "11100100" ("228" of a decimal number). In this addition, there is no digit riser 
and Carry C is "0." Moreover, MSB of a drive data point is "0." Therefore, "0" is inputted into both the 
set terminals S and reset terminals R of D flip-flop DFF, and an addition result "1 1 1 1 1010" is outputted 
to them as it is from D flip-flops DFF0-DFF17. 

[0033] Drawing 7 (b) is the case where a drive data point "010110" ("22" of a decimal number) is added 
to a accumulation result "11101011" ("235" of a decimal number). In this addition, there is a digit riser 
and Carry C is "1." Moreover, MSB of a drive data point is "0." Therefore, "1" is inputted into the set 
terminal S of D flip-flop DFF, "0" is inputted into the reset terminal R, respectively, and a upper limit 
"1 1 1 1 1 1 1 1 " is outputted from D flip-flops DFF0-DFF1 7. 

[0034] Drawing 7 (c) is the case where a drive data point "101010" ("-22" of a decimal number) is 
added to a accumulation result "0001 1 101" ("29" of a decimal number). In this addition, there is a digit 
riser and Carry C is "1." Moreover, MSB of a drive data point is "1." Therefore, "0" is inputted into 
both the set terminals S and reset terminals R of D flip-flop DFF, and "0000011 1" is outputted to them 



as it is from D flip-flops DFF0-DFF17. 

[0035] Drawing 7 (d) is the case where a drive data point "101010" ("-22" of a decimal number) is 
added to a accumulation result "00001101" ("13" of a decimal number). In this addition, there is no digit 
riser and Carry C is "0." Moreover, MSB of a drive data point is "1." Therefore, "0" is inputted into the 
set terminal S of D flip-flop DFF, "1" is inputted into the reset terminal R, respectively, and a lower limit 
"00000000" is outputted from D flip-flops DFF0-DFF17. 

[0036] thus — the addition result in an adder 64 seems to exceed a upper limit or a lower limit in the 
1st example — ** — when carrying out, the addition result inputted into the 2nd latch 66 is 
compulsorily set as a upper limit or a lower limit. Consequently, it can prevent that a driver voltage wave 
changes rapidly and an overcurrent flows in a circuit. 

[0037] C. The 2nd example : drawing 8 is the block diagram showing the configuration of the 
accumulation section in the 2nd example. Since the preceding paragraph of an adder 64 and the 2nd 
latch's 66 latter part are the same as that of the drive wave generation circuit 46 of the 1 st example 
mentioned above, explanation is omitted. In the 2nd example, the selector 67 is formed between an 
adder 64 and the 2nd latch 66. Moreover, data registers 63a and 63b and the judgment circuit 69 are 
connected to the selector 67, and the judgment circuit 69 functions on it as these data registers 63a 
and 63b and a selector 67 as a reversal prevention circuit. 

[0038] The data which are 18 bits all of each bit of whose are "1" are set as the 1st data register 63a. 
Moreover, the data which are 18 bits all of each bit of whose are "0" are set as the 2nd data register 
63b. A selector 67 chooses and outputs one of three data inputted from data registers 63a and 63b and 
an adder 64 according to the output of the judgment circuit 69. 

[0039] The judgment circuit 69 has the AND gate (for example, AGS0, AGR0) of the pair shown in 
drawing 6 , and AND gates 69a and 69b of the same pair. That is, this judgment circuit 69 judges 
whether the addition result of an adder 64 exceeds that upper limit or lower limit based on the carry C 
outputted from an adder 64, and MSB of a drive data point, and outputs the 2-bit data Q69 in which that 
judgment result is shown. 

[0040] Drawing 9 is an explanatory view explaining the output Q67 of a selector 67 according to MSB of 
the carry C outputted from an adder 64, and a drive data point. MSB of Carry C and a drive data point - 
- both — "0" — or both the outputs Q69 of the judgment circuit 69 are "00" at the time of "1", and a 
selector 67 outputs the accumulation result Q64 of an adder 64 as it is. Moreover, the output Q69 of 
the judgment circuit 69 is "01", and, as for a selector 67, Carry C outputs the data the whole of each 
bit of whose is 18 bits which is "0", when MSB of "0" and a drive data point is "1." Furthermore, the 
output Q69 of the judgment circuit 69 is "10", and, as for a selector 67, Carry C outputs the data the 
whole of each bit of whose is 18 bits which is "1", when MSB of "1" and a drive data point is "0." 
[0041] Thus, it can prevent that a driver voltage wave changes rapidly and an overcurrent flows in a 
circuit also by the circuit of the 2nd example. 

[0042] D. The 3rd example : drawing 10 is the block diagram showing the internal configuration of the 
drive wave generation circuit 46 as the 3rd example. It is the same as the 1st example except the point 
that the floor signal FLOOR is inputted into the 2nd latch 66 from the control section 45 of drawing 1 in 
the 3rd example. 

[0043] As explained using drawing 13 , the accumulation value in the accumulation section 68 includes 
the accumulation error in the lower bit. The wave [ wave / desired / drive ] shifted will be generated by 
the accumulation error included in this lower bit. So, in the 3rd example, the accumulation error of 8 bits 
of low order is cleared using the floor signal FLOOR among the 18-bit data in the accumulation section 
68. 

[0044] Drawing 1 1 is a timing chart which shows the timing which clears 8 bits of the 2nd latch's 66 low 
order. Here, the same drive wave shall be repeated by every [ of the 1 pixel section ] period T. The 
value VM of the voltage-level data DO in the start edge and termination of the 1 -pixel section (it is 
hereafter called "start edge level") has the predetermined value which is not zero. The start edge and 
termination of the 1 -pixel section are prescribed by the printing timing signal PTS generated within a 



control section 45. In case the printing timing signal PTS forms an ink dot in each pixel location, it is a 
signal which directs initiation of the output of a drive wave. The floor signal FLOOR is a signal which 
directs the timing tO which clears 8 bits of the 2nd latch's 66 low order. If the floor signal FLOOR is 
inputted into the 2nd latch 66 from a control section 45, only 8 bits of the 2nd latch's 66 low order will 
be cleared, and 10 bits of high orders will be maintained by the start edge level VM. In the 3rd example, 
the floor signal FLOOR is inputted for the every same timing as the printing timing signal PTS, i.e., the 
period of a drive wave. In this case, the printing timing signal PTS may be used as a floor signal FLOOR. 
Moreover, this timing is not limited to this, may input the floor signal FLOOR to the timing tO from which 
the voltage-level data DO outputted by the 2nd latch 66 are set to VM, t1 grade, and the timing which 
the output value understands beforehand, and may clear 8 bits of low order. 

[0045] According to the 3rd example, since the error of a drive data point is cleared to predetermined 
timing, accumulation of the error of a drive data point can be prevented and the drive wave of a desired 
complicated profile can be acquired easily. Furthermore, even if the accumulation result in an adder 64 
may exceed a upper limit or a lower limit, without performing the clearance of the error of the drive data 
point based on the floor signal FLOOR by a certain reason, it can prevent that a driver voltage wave 
changes rapidly and an overcurrent flows in a circuit. 

[0046] E. Modification : operation in the mode which becomes various within limits which are not limited 
to the gestalt of above-mentioned operation at all, and do not deviate from the summary is possible for 
this invention, for example, the following deformation is also possible for it. 

[0047] Modification 1 : E-1. In the above-mentioned example, when the addition result of an adder 64 
exceeds the upper limit (value which is 18 bits all of each bit of whose are "1") or lower limit (value 
which is 1 8 bits all of each bit of whose are "0") Although he was trying to set compulsorily the data 
held at the 2nd latch 66 as a upper limit or a lower limit, the data held at the 2nd latch 66 can be set as 
the any value near the upper limit or. lower limit of an addition result. For example, it is also possible to 
use the set point which sets all specific lower order bits as "0", and sets all the high order bits beyond 
it as "1" instead of a upper limit. 

[0048] Moreover, although it had judged whether the reversal prevention circuit 65 would exceed the 
upper limit of the addition result of an adder 64, or a lower limit in the above-mentioned example, you 
may make it judge whether one boundary value of the predetermined range of all the range that an adder 
64 can instead take is exceeded. For example, you may make it judge whether one boundary value of the 
values of the range of 5-250 ("5" or "250") is exceeded, when the output of an adder 64 is 8 bits 
instead of judging whether the upper limit "255" and lower limit "0" are exceeded, although an addition 
result can take the value of 0-255 with a decimal number. That is, what is necessary is just to set the 
accumulation result as the predetermined set point near the boundary value generally, when the 
accumulation result of a drive data point tends to exceed one boundary value of the predetermined 
range. 

[0049] E-2. Modification 2 : the drive wave generation equipment and the drive wave generation method 
of this invention are not only used for the airline printer shown in the gestalt of operation mentioned 
above, but are applicable as the drive wave generation equipment which drives other actuators etc., and 
a drive wave generation method. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the whole airline printer configuration of this invention. 
[Drawing 2] It is the block diagram showing the electric configuration of a recording head. 
[Drawing 3] It is the block diagram showing the internal configuration of the drive wave generation 
circuit of this invention. 

[Drawing 4] It is the timing chart which shows the timing which writes in a drive data point in memory. 
[Drawing 5] It is an explanatory view explaining the process which generates the drive wave. 
[Drawing 6] It is the block diagram showing the internal configuration of the reversal prevention circuit 
of this invention. 

[Drawing 7] It is an explanatory view explaining the addition processing performed in an adder 64, and 
the correction approach of an addition result. 

[Drawing 8] It is the block diagram showing the configuration of the accumulation section in the 2nd 
example of this invention. 

[Drawing 9] It is an explanatory view explaining the output of a selector according to MSB of the carry 
C outputted from an adder 64, and a drive data point. 

[Drawing 10] It is the block diagram showing the internal configuration of the drive wave generation 
circuit as the 3rd example of this invention. 

[Drawing 11] It is an explanatory view explaining the timing which inputs the floor signal in the 3rd 
example. 

[Drawing 1 2] It is the block diagram showing the internal configuration of the conventional drive wave 
generation circuit. 

[Drawing 13] It is an explanatory view explaining how to generate the drive wave. 

[Drawing 14] It is an explanatory view explaining accumulation of the error in the generation process of 
a drive wave. 

[Drawing 15] It is the explanatory view showing a normal drive wave and a drive wave when an adder 
causes overflow and an underflow. 
[Description of Notations] 

23 — Paper feed motor 

24 — Carriage motor 

40 — Control circuit 

41 — Interface 

42 — RAM 

42A — Receive buffer 
42B — Middle buffer 
42C — Output buffer 

43 — ROM 

44 — Oscillator circuit 

45 — Control section 

46 — Drive wave generation circuit 



50 ■ — Recording head 

51 A-51N — Shift register 

52A-52N — Latch circuit 

53A-53N — Level shifter 

54A-54N — Switching circuit 

55A-55N — Piezo-electric element 

60 — Memory 

62 — The 1st latch 

63a — Data register 

63b — Data register 

64 — Adder 

65 — Reversal prevention circuit 

66 — The 2nd latch 

67 — Selector 

68 — Accumulation section 
68a — Accumulation section 

69 — Judgment circuit 
69a — AND gate 

69b — AND gate 

70 — D/A converter 

72 — Voltage amplification section 
74 — Current amplification section 
90 — Computer 

100 — Drive wave generation circuit 

102 — Memory 

104 — Accumulation section 

106 — D/A converter 
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